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S U M M A R Y
Background: A conﬁrmatory rabies diagnosis can be achieved by rapid virus isolation in cell culture using
brain tissue from the suspect animal. Several cell lines have been used for this purpose and the murine
neuroblastoma cell line Neuro-2a has been found to be themost sensitive. The human embryonic kidney
cell line HEK-293 is known to express several neuronal proteins and is believed to be of neuronal origin.
We hypothesized that this cell line could be susceptible to rabies virus, which is highly neurotropic.
Methods: First we tested the sensitivity of HEK-293 cells to the laboratory strain, challenge virus
standard (CVS). We then tested 120 brain samples from different animals and humans suspected to have
died of rabies by ﬂuorescent antibody test (FAT). Both FAT-positive and FAT-negative brains were tested
for virus isolation using Neuro-2a, BHK-21, and HEK-293 cell lines and also by mouse inoculation.
Results: There was 100% correlation between FAT, virus isolation in Neuro-2a and HEK-293 cells, and
mouse inoculation. However, the rate of virus isolation in the BHK-21 cell line was only 28% when
compared to the other cell lines. The sensitivity of HEK-293 to CVS strain of virus was similar to that of
Neuro-2a.
Conclusions: We conclude that the HEK-293 cell line is as sensitive as the Neuro-2a cell line for the rapid
isolation of rabies virus andmay serve as an alternative cell line for rabies diagnosis and future research.
 2010 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Rabies is a fatal viral encephalitis caused by a single-stranded,
negative-sense RNA virus belonging to the family Rhabdoviridae
and genus Lyssavirus. While human rabies continues to be a
signiﬁcant public health problem in most Asian and African
countries, animal rabies exists in most parts of the world. The
World Health Organization (WHO) estimates that 55 000 human
deaths occurworldwide each year,1 ofwhich 20 000 occur in India
alone.2 The incidence of animal rabies in different countries
varies, as do the species of animal affected.While dogs constitute a
major vector of transmission in Asian countries, certain wild
animals and bats act as reservoirs of infection in America and
Europe. The rapid diagnosis of rabies is essential, not only for
instituting effective prophylactic measures in the exposed
humans, but also for epidemiological surveillance to monitor
control measures.
The ﬂuorescent antibody test (FAT), which was introduced by
Goldwasser and Kissling in 1957, has stood the test of time and* Corresponding author. Fax: +91 80 26564830.
E-mail addresses: mshampur@hotmail.com, mshampur@gmail.com (S.N. Mad-
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1201-9712/$36.00 – see front matter  2010 International Society for Infectious Disea
doi:10.1016/j.ijid.2010.07.004continues to be awidely usedmethod for the diagnosis of rabies all
over the world.3 Occasional false-negative and false-positive
results have been reported with this method, particularly when
carried out by inexperienced hands, and it may be advisable to
perform a conﬁrmatory test by virus isolation and rabies tissue
culture infection test (RTCIT)4 or by mouse inoculation.5 Further,
isolation of street viruses is required for genetic characterization
and molecular epidemiology in order to determine the geographi-
cal distribution of virus strains. For isolation of street strains of
rabies viruses, several cell lines of neural origin, as well as some
non-neural cells, have been used. One of the most commonly used
neural-origin cells is the Neuro-2a cell line. So far, Neuro-2a has
been reported to be the most sensitive cell line.6 Non-neural cells
include CER, BSR, and BHK-21 cells, which have shown variable
success rates .
Human embryonic kidney cell line HEK-293 was generated by
transformation of human embryonic kidney cell cultures with
sheared adenovirus 5 DNA, and was ﬁrst described in 1977 by
Graham et al.7 This continuous cell line has been used for
transfection studies in cell biology. As this cell line expresses
several neuronal proteins, including muscarinic acetylcholine
receptors,7,8 the origin of this cell line is now believed to be from
embryonic neural cells. Keeping this in view, wewanted to know if
this cell line is susceptible to a neurotropic virus such as rabiesses. Published by Elsevier Ltd. All rights reserved.
Figure 1. HEK-293 cells infected with CVS strain of rabies virus and stained by
ﬂuorescent antibody test. Note bright apple-green ﬂuorescent foci in 80–90% cells
(B) in comparison to un-infected cells with no ﬂuorescent foci (A).
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rabies viruses to conﬁrm the diagnosis of rabies in animals and
humans. Our results indicate that HEK-293 cells are indeed highly
susceptible to rabies virus and are very useful for the rapid
diagnosis of rabies in animals and humans.
2. Materials and methods
2.1. Cell lines used
We used three cell lines viz., HEK-293 (ATCC CCL1573) obtained
from the Indian Institute of Science, Bangalore, India; Neuro-2a
(ATCC CCL-131) obtained from the National Centre for Cell Sciences
(NCCS), Pune, India; and BHK-21 (ATCC CCL-10) also obtained from
NCCS, Pune. All the cells were grown andmaintained asmonolayers
in 25 sq. cm ﬂasks using Iscove’s modiﬁed Dulbecco’s medium
(IMDM; Sigma, Cat. No.17633) with 10% fetal bovine serum (FBS;
European Grade, Biological Industries, Israel).
2.2. Virus control
The challenge virus standard CVS-11 strain of rabies virus was
used. This was obtained from the Central Research Institute,
Kasauli, India, and passaged twice inweanlingmice and stored as a
20% brain homogenate.
2.3. Brain samples
One hundred and seven animal brain samples sent to the
Department of Neurovirology for conﬁrmation of rabies diagnosis
from different parts of southern India and 13 human brain samples
received from the Human Brain Tissue Repository, NIMHANS,
Bangalore, India,were included in the study. Thebrain sampleswere
sent to our laboratorypreserved in 50% glycerol–saline; these brains
were stored at 75 8C soon after performing the FAT technique.
2.4. Fluorescent antibody test (FAT)
This was performed as per the standard procedure described
previously.3We used a polyclonal rabies N conjugate obtained from
Light Diagnostics, USA (Cat. No. 5199, Chemicon International).
2.5. Virus isolation in cell culture
The in vitro isolation of virus (RTCIT) was performed in 96-well
ﬂat-bottomed tissue culture plates (CELLSTAR, Greiner). The HEK-
293,Neuro-2a, andBHK-21 cellsweregrownto90–100%conﬂuency
and the 10% brain homogenates (100ml) were inoculated onto cell
monolayers. These were allowed to adsorb at 37 8C for 60 min and
the ﬂuid was then aspirated off; this was replenished with
maintenance medium (IMDM with 2% FBS) and the incubation
continued in a CO2 incubator (Nu Aire) at 37 8C for 24 h, after which
the cells were ﬁxed in chilled acetone for 30 min and stained by FAT
method using polyclonal DFA reagent. Plates were examined under
an inverted ﬂuorescent microscope (Nikon Eclipse TS100). We
deviated slightly from the procedure described by Webster and
Casey,4 inwhich cells andvirus are added together to thewells of the
tissue culture plate and incubated for 4 days and stained by FAT, the
main reason being that we were evaluating a new cell for the ﬁrst
time and wanted to make sure that a 90% conﬂuent monolayer was
present before infection.
2.6. Comparison of sensitivity of HEK-293 with Neuro-2a cell line
The sensitivity of the two cell lines was evaluated using the CVS
strain of rabies virus.The cells were grown to conﬂuence in 96-well tissue culture
plates. Log dilutions of the virus (101 to 105) were made in the
maintenance medium, and 100 ml of each dilution was inoculated
into cell monolayers of both HEK-293 and Neuro-2a in duplicate,
and incubated at 37 8C for 1 h. The inoculum was removed and
fresh maintenance medium added, and cells were further
incubated for 24 h. The cells were then ﬁxed in cold acetone for
30 min, stained by FAT as mentioned above, and observed under a
ﬂuorescencemicroscope. The highest dilution of the virus infecting
at least 25% of the cells was taken as the end-point.
2.7. Mouse inoculation test (MIT)
Permission from the Institutional Animal Ethics Committee was
obtained (Project No. AEC/24/1/230 dated 20-06-2006) for con-
ducting the MIT for suspected rabies brain samples. Weanling mice
aged 4 weeks and weighing 8–10 g were inoculated intracerebrally
with 0.03 ml of 10% homogenate of the brain sample. Each brain
sample was inoculated into ﬁve mice. The experimental mice were
housed and cared for as per the regulations in force locally. They
were observed for 30 days for the development of typical features of
rabies encephalitis. In every case the diagnosis of rabies was
conﬁrmed by extracting the brain from one mouse with symptoms
and performing the FAT on a brain smear.
3. Results
Initial studies were done with a ﬁxed strain of virus, challenge
virus strain (CVS), as a 10% mouse brain homogenate. While the[(Figure_1)TD$FIG]
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1) it failed to infect BHK-21 cells. When we tested animal and
human brains, it was observed that all FAT-positive brains were
also positive by virus isolation in both Neuro-2a and HEK-293 cells
(Figure 2, Table 1). The number of ﬂuorescent foci varied from
brain to brain, which may account for the virus titer in individual
brains. Thiswas observedwith both Neuro-2a andHEK-293 cells. A
subjective counting of the number of ﬂuorescent cells indicated
that there was no gross difference between the two. In contrast,
only 52.6% of FAT-positive brains were positive for virus isolation
with BHK-21 cells and the number ﬂuorescent foci observed was
markedly lower in comparison to Neuro-2a and HEK-293 cells. All
the FAT-positive brains were positive for virus isolation in
weanling mice, thus conﬁrming the speciﬁcity of the FAT
performed in our laboratory.
With regard to sensitivity of the cells for the CVS strain of virus,
the HEK-293 cells were found to be equally as sensitive as Neuro-
2a cells, as a minimum 25% of both cells were infected at the
[(Figure_2)TD$FIG]
Figure 2. Comparison of virus isolation in Neuro-2a, HEK-293, and BHK-21 cells. The ce
antibody test. A subjective scoring was done depending on the number of ﬂuorescent fo
HEK-293 (++++), and BHK-21 cells (++).highest dilution of the virus tested (105. In earlier dilutions of the
virus the percentage of cells showing ﬂuorescence was much
higher, with almost 80–90% of cells ﬂuorescing at a dilution of
101; the percentage of ﬂuorescing cells decreased as the dilution
of the virus increased in both cell lines.
4. Discussion
This study describes for the ﬁrst time the evaluation and utility
of a new cell line for rabies diagnosis and research. HEK-293 cells
are routinely used in our laboratory and elsewhere for transfection
experiments. A search of the literature on these cell lines revealed
that they express several neuronal proteins, including the
muscarinic acetylcholine receptors. Indeed, it is now strongly
believed that HEK-293 cells originate from embryonic neuronal
cells present in the kidney.7,8 This prompted us to hypothesize that
these cells could be susceptible to infection with neurotropic
viruses, such as rabies virus. We tested our hypothesis by initiallls were infected with street virus strains of rabies virus and stained by ﬂuorescent
ci. Note bright apple-green ﬂuorescent foci with positive brains in Neuro-2a (++++),
Table 1
Comparison of the street virus isolation rate from Neuro-2a, HEK-293, and BHK-21 cells using FAT- and MIT-positive brains or FAT- and MIT-negative brains
Total brain samples tested, N=120 Virus isolation rate in (n positive/n tested)
Neuro-2a HEK-293 BHK-21
Brains positive by FAT and MIT
Dogs (n=55) 55/55 (100%) 55/55 (100%) 35/55 (63.6%)
Cats (n=3) 3/3 (100%) 3/3 (100%) 0/3
Monkeys (n=4) 4/4 (100%) 4/4 (100%) 1/4 (25%)
Cattle (n=4) 4/4 (100%) 4/4 (100%) 1/4 (25%)
Humans (n=10) 10/10 (100%) 10/10 (100%) 3/10 (30%)
Brains negative by FAT and MIT
Dogs (n=35) 0/35 0/35 0/35
Cats (n=2) 0/2 0/2 0/2
Monkeys (n=2) 0/2 0/2 0/2
Cattle (n=2) 0/2 0/2 0/2
Humans (n=3) 0/3 0/3 0/3
FAT, ﬂuorescent antibody test; MIT, mouse inoculation test.
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an extremely high rate of infection of HEK-293 cells. The number of
ﬂuorescent foci and intensity of ﬂuorescence was comparable to
that observed with conventional Neuro-2a cells. The un-adapted
CVS failed to infect BHK-21 cells. We took our study further and
tested the susceptibility of these cells to street rabies viruses in
comparison to Neuro-2a cells and BHK-21 cells.
As can be observed from Table 1, 100% of all FAT-positive brain
samples, including those from humans, infected the HEK-293
cells. The degree of ﬂuorescence varied from brain to brain and
this is probably attributable to the initial titer of the virus in the
rabid brain.
Subjectively, the number of ﬂuorescing cells was similar
between Neuro-2a and HEK-293 cells (Figure 2). We did not
perform any statistical correlation analyses as we did not
measure the intensity of ﬂuorescence using a ﬂuorometer nor
did we quantify the ﬂuorescing cells using a ﬂuorometer. This
was also not required, as our aim was to determine whether
HEK-293 cells are indeed susceptible to rabies virus and if so, to
investigate their utility in the diagnosis of rabies. Interestingly
the infectivity rate with BHK-21 cells was only 28% and the
degree of ﬂuorescence observed was less in comparison with
the other two cell lines. To further conﬁrm our ﬁndings we
inoculated the 10% brain homogenate of all brains included in
the study into weanling mice, which showed typical features of
rabies after an incubation period ranging from 13 to 25 days. The
results of mouse inoculation clearly conﬁrmed the speciﬁcity of
ﬂuorescence observed with both HEK-293 and Neuro-2a cells.
The sensitivity of theHEK-293 cell linewas found to be equal to
that of the Neuro-2a cell line, as both cells showed ﬂuorescing foci
with up to 105 dilution of CVS strain of virus. Though we did not
attempt to measure the percentage of virus recovery in the two
cell lines, it appears to be similar based on the degree of
ﬂuorescence observed with increasing viral dilutions. Moreover,
our main aim was to evaluate the utility of this new cell line for
virus isolation as a means of diagnosis. However this aspect will
certainly be addressed in our future studies. We did not test the
sensitivity of the cells with street viruses, as we did not know the
initial titer of the virus in the brains submitted to our laboratory
for diagnosis.
It is clear from the results of our study that HEK-293 cells
can serve as an alternate cell line for the rapid isolation of rabies
viruses. However, we still do not know the cellular proteins
expressed by HEK-293 that could serve as receptors for rabies
virus. A number of neuronal proteins are expressed by these cell
lines, including the muscarinic acetylcholine receptors. As
nicotinic acetylcholine receptors have already been shown to
be one of the receptors that plays a role in virus attachment,9one can postulate that muscarinic acetylcholine receptors could
also be involved in virus attachment in the neuronal cells.
The use of these cell lines routinely in a rabies laboratory may
offer some advantages over conventional Neuro-2a cells, as they
are extremely fast growing, are not as fastidious as Neuro-2a, and
also result in a uniform conﬂuent monolayer within 24–36 h. The
results of this study may have further implications. The cell line
could be used to study the virus cell interaction and may ﬁnd a
place in future research related to rabies virus. Clearly, the
identiﬁcation of putative receptor(s) for rabies virus on these cell
lines should be the ﬁrst goal. Efforts may also be made to use this
cell line in techniques related to rabies serology. We are now
evaluating the possibility of using this cell line for performing the
rapid ﬂuorescent focus inhibition test (RFFIT) and initial results are
quite encouraging. Another application would be to use the virus-
infected cells for puriﬁcation of viral proteins such as rabies
nucleoprotein.
To conclude, for the ﬁrst time an entirely new cell line derived
from a human kidney has been shown to be highly susceptible to
both ﬁxed and street rabies viruses belonging to the genotype 1.
Our results indicate that this cell line may routinely be used for the
rapid conﬁrmatory diagnosis of rabies both in animals and
humans. The susceptibility of these cell lines to other genotypes
needs to be evaluated.
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